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ABSTRACT.—This paper reviews ecological and paleoecological information for a small isolated mangrove
communtiy in NE Venezuela to explain its past and present features. Paleoecological data was provided by
radiocarbon dating plus pollen and fossil wood analysis of samples from an 11 m deep boring section.
Current data were obtained from vegetation characterization plus soil and hydrochemistry analysis. The
oldest dated sediments are 6960 ± 70 14C years old. They were deposited on an extensive mangrove fringe
dominated by Rhizophora sp. and Avicennia sp., and the sea-level was about 9 m below the present one.
Relative sea level has experienced an average rise of about 13 cm/100 years, which disconnected this man-
grove from adjacent communities. Avicennia disappeared and Rhizophora became the only dominant man-
grove. Today, the mangrove community lies about 500 m inland, surficial hydrological connections to the sea
are lacking, and the intermediate area is occupied by coconut plantations. Partial isolation from the sea has
favored the existence of a seasonal low-salinity marsh, maintained by runoff and a marine groundwater
wedge, which produce eutrophic water conditions and favor the establishment of continental and halophytic
terrestrial vegetation. This mangrove community may disappear in a few decades if isolation and human
disturbance continue.
INTRODUCTION
This paper discusses the impact of natu-
ral and anthropogenic factors on the devel-
opment of a small mangrove community at
Playa Medina in Eastern Venezuela. Eco-
logical succession is frequently studied
with present-day data, based on relatively
short observation time periods (commonly
decades). Usually, this is enough to record
secondary succesion due to human influ-
ence, but natural variables such as climate
or sea-level oscillations act during much
longer time scales and need paleoecological
studies to be properly traced. Thus, the
combination of present-day and past eco-
logical research is needed to understand
the development of ecosystems and to fore-
cast their possible future trends.
This combined approach was used in
Playa Medina, through radiocarbon dating
and palynological analyses of Holocene
sediments, present-day soil and water char-
acterization, and vegetation analysis. Some
of the results have been published (Rull et
al., 1999; Rull and VegasVilarru´bia, 1999,
2000; Vegas Vilarru´bia, 2000), but this is the
first synthesis of all the information (to-
gether with some new data) and the first
attempt to present a coherent ecological
history for the Playa Medina mangrove
community.
MATERIALS AND METHODS
Site description
The mangrove community is located on
the Playa Medina bay (10°52’N, 65°01’W), a
closed basin about 0.11 km2 located in
northeast Venezuela on the Peninsula of
Paria. This small basin lies within the al-
most continuous cliff formed by the north-
ern foothills of the Araya-Paria coastal
mountain range. The bay evolved partially
by alluvial erosion due to lowering of sea
level during the last glaciation, followed by
sedimentary filling during the Holocene
transgression. This produced a partially
flooded flat bottom surrounded by steep
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rocky slopes covered by forest. The infilling
sediments are mainly sand deposited in a
shallow marine environment, with interca-
lated silt and clay layers of continental ori-
gin. The metamorphic rock basement is be-
tween 9 and 15 m deep.
Mean annual temperature is 25.5 °C, and
the average total annual precipitation is 818
mm. A dry season with less than 10 mm of
total precipitation extends from January to
April, while a humid period from May to
December shows two precipitation peaks
around June and November, with an aver-
age of 120 mm and 85 mm respectively. The
seasonal runoff collects in a shallow (<1 m)
lagoon that supports the mangrove under
study and that dries out during the dry sea-
son. A very particular feature of this man-
grove community is the lack of superficial
connection with the sea, either through di-
rect tidal flushing or tidal channels. In-
stead, sea water penetrates by a groundwa-
ter wedge and mixes with freshwater
supplied by precipitation and runoff, pro-
ducing a brackish-water environment (Ve-
gas Vilarru´bia, 2000). Coconut crops and
areas with secondary vegetation surround
the mangrove in the bottom of the basin,
while evergreen cloud forest (Huber and
Alarco´n, 1988) grows on the adjacent
mountain slopes. Oysters, crabs, sponges
and other fauna commonly associated with
mangrove roots is absent in this commu-
nity.
Paleoecology
Paleoecological samples were obtained
by boring with a percussion coring device
in site PM-1 (Fig. 1). The section obtained
was 11 m deep and consisted of 21 small
cores of approximately 50 cm each, from
which 47 samples for pollen analysis and 1
sample for radiocarbon dating (M18-40)
were taken. A layer of peaty clay at 9.4 m
(sample M18-41) was selected for the pres-
ent study because of its stratigraphical po-
sition beneath a wood fragment. This wood
piece (sample M18-40) was studied ana-
tomically for identification and dated
through the conventional radiocarbon
method; approximately half was used to
obtain transversal, tangencial, and radial
thin sections 20 mm wide to identify the
parent taxon by comparison with the refer-
ence collection of the Wood Anatomy
FIG. 1. Vegetation patterns and sampling points in Playa Medina
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Laboratory at the Los Andes University,
Venezuela. Another part weighing about 7
g was dried and sent to Beta Analytic Inc.
(Miami, Florida; http://www.radiocarbon.
com) for radiocarbon dating using the con-
vencional method. For palynological
preparation, 4 g of sample was digested
with chloride and fluoride acids while cen-
trifugated in a Zinc bromide solution.
Three aliquots of residue were mounted in
glycerine jelly and the remaining material
was stored in glycerine. Pollen and spore
grains were identified by comparison with
the literature (Mu¨ller, 1959; Van der Ham-
men, 1963; Mu¨ller and Caratini, 1977; Ber-
trand, 1983; Thanikaimoni, 1987). Counting
followed the statistical criteria of Rull
(1987). The interpretation was based on the
comparison of past palynological assem-
blages with modern analogs from the Car-
ibbean coasts of Northern South America
(Rull, 1998).
Vegetation and soils
Field studies on spatial vegetation pat-
terns and soil salt content were conducted
in March 1994 during the peak of the dry
season, when the strongest spatial differ-
ences in ionic composition of soils were as-
sumed to occur. A W-E transect (Fig. 1),
following the longer axis of the lagoon, was
established to sample and describe the type
and distribution of vegetation. The two
ends of this transect were the coconut stand
to the west and the inland abandoned crops
to the east. Current botanical samples with
five replicates each were collected for iden-
tification. Most plants were in flower dur-
ing the dry season (February-March). Nine
bulk soil samples were taken along the
same transect where appreciable differ-
ences in topography, water logging, and
vegetation were observed (Fig. 1, A-I). On
each sampling site, several surficial soil
shovels (10-20 cm depth) were taken for
physical description and chemical analysis.
These samples were dried at 60 °C during
three days. From them, several aliquots
were subjected to binary digestion and the
resulting extracts were analysed for cations
(Na, K, Ca, Mg) using atomic absorption
spectrophotometry (EPA, 1986).
Water chemistry
Hydrochemical measurements were
taken in the mangrove lagoon and in the
groundwaters between it and the sea, cov-
ering a complete annual cycle between 1993
and 1994. Four groundwater wells approxi-
mately 3 m deep were bored along a longi-
tudinal transect from the lagoon to the
beach (Fig. 1, P1 to P4), using slotted PVC
tubing about 6.5 cm diameter. An existing
water well (Fig. 1; AWW) located in the
crop area at the innermost side of the la-
goon was also monitored. In all wells, sa-
linity was measured monthly at the surface
and bottom of the water column contained
in the tubes. A permanent sampling point
was located at the deepest part of the la-
goon, which was flooded throughout the
year (Fig. 1, L). The lagoon was very shal-
low (1 m maximum depth) and thus only
surface samples for physico-chemical
analysis were taken. Salinity was recorded
with a field salinometer and dissolved oxy-
gen was recorded with a field oxymeter.
Analytical procedures employed were
from the Standard Methods for the Exami-
nation of Waters and Waste Waters
(APHA, AWWA and WPCF, 1992) and in-
cluded routine quality control analysis.
Total phosphorus was measured spectro-
photometrically after acidic digestion
(SMEWW 4500 PB E), total nitrogen was
measured using the Kjeldahl method
(SMEWW Norg C), and sulphide was mea-
sured through iodometric determinations
(SMEWW 2120-C). Total organic carbon
was oxidated to CO2 and measured with an
infrared gas analyser (SMEWW 5310).
RESULTS AND DISCUSSION
Holocene paleoecology
The anatomical characteristics of the fos-
sil wood (sample M18-40, Fig. 2) were con-
sistent with the genus Rhizophora, a com-
mon element in Caribbean mangroves, thus
suggesting the in situ occurence of a man-
grove community at the boring site. Radio-
carbon dating (Beta Analytic-102866,
March 1997) gave an age of 6960 ± 70 ra-
diocarbon years BP. Using this date, and
T. VEGAS VILARRU´BIA AND V. RULL68
FIG. 2. Anatomical details of the wood fragment. 1 and 2 transversal sections; 3, 6 and 7 radial sections; 4, 5,
8, 9, and 10 tangential sections (from Rull et al., 1999). Measures in mm.
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assuming that the surface deposits are of
modern age, the average sedimentation
rate of the section studied is of 1.32 mm/y.
The pollen content of sample M18-41 is
shown in table 1. The most important pol-
len types are illustrated in figure 3.
The total percentage of mangrove form-
ing trees (Rhizophora + Avicennia) was ap-
proximately 33 %, of which almost 18 % is
Avicennia. According to studies of recent
pollen sedimentation in the region, the per-
centages of Rhizophora + Avicennia pollen in
sediments of mangrove forests vary be-
tween 45 % and 95 %, whereas they range
from 30 % to 50 % in the mud deposited in
front of the coastal line (Van der Hammen,
1963). In these studies the pollen of Rhizo-
phora is dominant whereas that of Avicennia
is commonly under-represented (Mu¨ller,
1959; Van der Hammen 1963, 1988). There-
fore, the peaty clay from Playa Medina was
most probably deposited along the coast-
line, within or just in front of a mangrove
community in which Avicennia was more
abundant than Rhizophora. More than half
of the remaining pollen grains from sample
M18-41 are from trees (e.g., Sapotaceae,
Myrtaceae, Anacardiaceae, Bursera sp.)
characteristic of the surrounding forests,
whereas herbs and ferns provided 5 % each
to the pollen count. This suggests that a
dense forest vegetation existed on the
slopes around the mangrove, with an al-
most total absence of herbaceous commu-
nities (sedges and grasses do not reach 1%).
Especially noteworthy also is the absence of
the green buttonwood Conocarpus erectus.
This Holocene mangrove pollen assem-
blage is remarkably different from the pres-
ent one (Table 1). Diversity is about 20-30%
lower today, and statistical differences are
significant. A Wilcoxon matched-pairs
signed ranks test for large samples (Siegel,
1956) gave a value of z = −1.260 (p = 0.208).
Furthermore, the modern assemblage is
dominated by pollen from grasses and
sedges, and ferns spores; whereas man-
grove tree pollen is below 3 %. Specially
noteworthy is the Holocene occurrence of
Avicennia pollen, which is absent today; the
absence of coconut palm pollen in the Ho-
locene deposits is expected because these
palms were introduced during the Euro-
pean colonization.
Playa Medina has been one of the key
sites used to reconstruct the Holocene sea-
level rise in the Caribbean coast of Venezu-
ela (Fig. 4). At the time of deposition of
sample M18-41, sea level was about 9 m
below the present one. Considering the
coastal topography, Playa Medina bay was
most probably connected with adjacent
bays and, in the light of paleoecological re-
sults, a continuous fringe of Rhizophora and
Avicennia mangrove community developed
along them.
Present-day mangrove community
The present day mangrove community is
reduced and is isolated from the sea. Vis-
ible connection with the marine system,
such as tidal channels or creeks are lacking,
and the community is far enough from the
coast to prevent tidal flushing.
Thirty-six plant species have been iden-
tified within the lagoon (Table 2). The
dominant species is green buttonwood
Conocarpus erectus (Combretaceae), fol-
lowed by red mangrove Rhizophora mangle
(Rhizophoraceae). Other typical Caribbean
mangrove-tree genera, such as Avicennia
and Laguncularia, are absent. The ecotone
between the lagoon and the littoral marshy
zone is composed of terrestrial herbaceous
and woody species such as Guazuma ulmi-
folia, Ipomoea asarifolia, Alternanthera lanceo-
lata, Wedelia fruticosa, Commelina erecta, Mal-
achra alceifolia, Senna sp., and several
Cyperaceae.
TABLE 1. Pollen content of modern and M18-41
samples. Data in percentages of the sum pollen
+ spores.
Totals Modern M18-41
Mangrove-forming trees 2.49 38.18
Other trees and shrubs 2.16 35.89
Palms 4.9 0.45
Aquatics 0 2.73
Herbs 65.16 6.34
Ferns 20.35 3.17
Others 0.18 2.73
Unidentified 4.58 12.32
Richness 21 27
Diversity (Shannon) 2.73 3.81
Evenness 0.62 0.80
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The distribution of the most conspicuous
taxa is shown in Figure 1. Three plant com-
munities emerge immediately behind the
beach: a Cocos nucifera plantation, followed
by a C. erectus stand which occupies the
higher topographic position and is sub-
jected to seasonal flooding, and a Rhizo-
phora mangle mangrove growing in the
deepest part of the lagoon. Acrostichum au-
reum, Nymphaea sp. and several Cyperaceae
grow near the shore. A clearly disturbed
community in a higher topographical posi-
tion emerges behind the Rhizophora stand.
According to residents, a Conocarpus stand
was cleared which is today represented by
scattered individuals or small groups of
trees. The former stand is being colonized
by herbaceous taxa, especially by the halo-
phytic beach fern Acrostichum aureum,
which is common in disturbed mangrove
areas (Chapman, 1976) with high rainfall
and frequent desalinization of the upper
soils (Walter, 1977; Medina et al., 1990), and
by the rooted climber Rhabdadenia biflora.
This disturbed community is named here
Rhab. biflora-C. erectus stand. At the inner
part of the basin, close to the internal for-
ested slopes, cultivated plants like Psidium
guajava, Crescentia sp. and others occur with
scattered chenopodiaceous weeds and an
isolated small stand of coconut palms. Epi-
phytes are conspicuous on trees from man-
FIG. 3. Dominant pollen types found in modern and Holocene samples.
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grove communities, while the understory is
very reduced due to low light availability
and possibly occassional clearing.
Soils showed a moderate mineral content
and were grouped according to the salinity
ratio Cs, computed between alkaline (Na +
K) and earth-alkaline (Ca + Mg) metals, in
order to test spatial salinity patterns. In all
cases, Cs was <1, with Ca and Mg prevail-
ing over Na and K (Table 3). However local
differences permitted their separation into
two groups of soils, according to the degree
of leaching of salts (Vegas Vilarru´bia, 2000).
The first group, with lower Cs, supports
five plant communities (Fig. 1): C. nucifera
plantation (A), C. erectus/R. mangle ecotone
(D), Rhizophora mangle stand (E), ecotone
between R.mangle stand and Rhab. biflora −
C. erectus stand (F), and ecotone between
Rhab. biflora − C. erectus / crops (H). In the
second group, with slightly higher Cs,
grow the C. erectus stand (C), C. nucifera / C.
erectus ecotone (B), Rhab. biflora C. erectus
stand (G), and crops (I).
The mangrove lagoon’s salinity varied
from 1.0 to 11.5 0/00 through the sampling
period, indicating brackish-water condi-
tions (Table 4). Minimum values occured
between November and December 1993,
but progressive water evaporation led to
maximum salinity values in May 1994,
when the lagoon was almost dry. These sa-
linity values are low compared with similar
mangrove lagoons along the Northern
coasts of Venezuela that maintain connec-
tions to the sea. For example, Okuda and
Benitez-Alvarez (1985) reported salinity
values at the Tacarigua, Unare, and Pı´ritu
lagoons of 0.31 to 39.7, 16.5 to 67.5 and 5.2
to 95.1 o/oo, respectively . Concentrations
of total organic carbon at Playa Medina
ranged between 1.39 mg/l (January) and
169 mg/l (May); total phosphorus concen-
trations were also variable and fairly high,
varying from 0.079 to 2.270 mg/l, while
concentrations of total nitrogen fluctuated
widely, ranging from not “detectable” to
17.5 mg/l. Averages were 0.74 mg/l for to-
tal phosphorus and 4.32 mg/l for total ni-
trogen. The highest value of total phospho-
FIG. 4. Curve of sea level-rising for Venezuelan coasts (from Rull, 2000)
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TABLE 2. Floristic inventory of mangrove associated species at the lagoon of Playa Medina (Vegas
Vilarru´bia, 2000).
Species A B C D E F G H I
Acanthaceae Aphelandra pulcherrima (Jacq.)
H.B.K.
X
Acrostichaceae Acrostichum aureum L. X X X
Aizoaceae Sesuvium portulacastrum L.
Amaranthaceae Alternanthera lanceolata
(Bentham)
X X
Schinz.
Araceae Phylodendron sp. X
Araceae Anthurium crassinervium
(Jacq.) Schott
X X
Arecaceae Cocos nucifera L. X X
Apocynaceae Rhabdadenia biflora (Jacq.)
Muell.-Arg.
X X X X X
Asclepiadaceae Sarcostema clausum (Jacq.)
R. & P.
X X
Asteraceae Wedelia fruticosa Jacq. X
Bromeliaceae Tillandsia usneoides (L.) L. X
Bromeliaceae Tillandsia juncea (R. & P.)
Poir.
X
Bromeliaceae Tillandsia fasciculata Sw. X
Bromeliaceae Tillandsia sp. X
Bromeliaceae Aechmea aquilega (Salisb.)
Griseb.
X
Cactaceae Hylocereus lemairei (Hook.)
Britton & Rose
X
Cactaceae Epiphyllum phyllanthus L.
Haw.
X
Combretaceae Conocarpus erectus L. X X X X
Commelinaceae Commelina cf. erecta L. X
Convolvulaceae Ipomoea asarifolia (Desr.) R. et
Sch.
X X X
Cyperaceae Cyperus cf. imbrincatus Retz. X X
Cyperaceae Cyperus cf. digitatus Roxb. X X
Haloragaceae Myriophyllum sp. X
Leguminosae Senna sp. X
Lemnaceae Wolffia sp. X
Malvaceae Malachra alceifolia Jacq. X
Malvaceae Pavonia spicata Cav. X
Orquideaceae Orchidae sp. X X
Poaceae Graminea sp1 X
Poaceae Graminea sp2 X
Poaceae Graminea sp3 X
Poaceae Graminea sp4 X
Polypodiaceae Campyloneurum phyllitidis (L.)
Presl
X
Rhizophoraceae Rhizophora mangle L. X X X
Sapindaceae Paullina cf. pinnata L. X X
Sterculiaceae Guazuma ulmifolia Lam. X
Myrtaceae Psydium guajaba L. X
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rus recorded at Playa Medina was about 7
times and the average about 2 times the
highest value recorded at Tacarigua, Pı´ritu,
and Unare. In the case of total nitrogen, the
highest concentration recorded at Playa
Medina was about 3 times higher than the
highest value recorded for those three la-
goons. According to Wetzel’s (1984) classi-
fication, the recorded P values would indi-
cate hypertrophic conditions (total P >
0.100 mg/l) compared to mean total phos-
phorus concentration. Hydrogen sulphide
was almost permanently present, its maxi-
mum concentration being 21 mg/l. Oxygen
was almost always below 3 mg/l. Low oxy-
gen and high hydrogen sulphide levels also
reflect a typical eutrophic environment.
Groundwater monitoring of wells P1 to
P4 and AWW revealed that marine water
reaches the mangrove through a wedge
and mixes with fresh water from precipita-
tion and runoff, producing a brackish-
water environment. Salinity values fol-
lowed a seasonal trend, with the bottom
layers of the wells more saline (5 0/00 −
23 0/00) than the surface layers (1
0/00 −
17 0/00). Table 5 shows average salinity val-
ues and standard error calculated by means
of a Student’s t for a 0.05 significance level,
as recommended for small sets of samples
(Parker, 1976).
Closing remarks
Although the results are insufficient to
reconstruct the detailed disturbance history
of the Playa Medina mangrove, some con-
clusions can clearly be drawn for this oldest
Holocene mangrove community recorded
in Venezuela. In the early Holocene, man-
groves were dominated by Avicennia or co-
dominated by it and Rhizophora. Since then,
TABLE 3. Soil salinity in meq/100g and monovalent/divalent ratio (Vegas Vilarru´bia, 2000)
Soils
Sample
site
K
mg/l
Mg
mg/l
Na
mg/l
Ca
mg/l Na+K Ca+Mg mon/div
Coconut crop A 0.15 2.38 0.33 44.6 0.48 47.0 0.01
E. Con/Rhiz D 0.24 5.54 7.96 47.0 8.2 52.5 0.16
B. Con. C 0.99 5.96 40.0 81.6 41.00 87.6 0.47
E. Coc/Con. B 0.37 4.85 17.4 78.7 17.8 83.6 0.21
B. Rhiz. E 0.19 2.27 3.48 48.2 3.67 50.5 0.07
E. Rhi/Rh. F 0.23 4.19 7.35 58.9 7.58 63.1 0.12
M. Rha/Con G 0.74 6.08 19.6 90.2 20.3 96.3 0.21
mixed crops H 0.33 4.69 8.41 52.3 8.74 57.0 0.15
mixed crops I 0.48 6.35 32.6 98.2 33.1 105 0.32
TABLE 4. Chemical indicators of salinization degree and eutrophication. (n.d. = not detectable).
Date
Salinity
‰
Total phosphorus
mg/l
Total nitrogen
mg/l
Sulphates
mg/l
Hidrogen sulphide
mg/l
06/09/1993 2.50 0.070 0.180 25.2 n.d.
08/10/1993 1.50 0.203 0.656 4.59 n.d.
25/11/1993 1.00 0.111 1.830 4.50 9.54
12/01/1994 1.00 0.360 n.d. 3.50 n.d.
08/03/1994 2.00 0.270 1.860 8.20 6.68
06/04/1994 4.50 0.356 17.50 6.00 8.36
16/04/1994 4.00 0.085 2.360 52.4 21.0
23/05/1994 11.5 2.720 14.60 2,018 19.4
09/07/1994 2.50 1.800 3.360 222 n.d.
01/08/1994 3.50 0.955 1.260 61.7 3.77
27/08/1994 2.50 1.050 2.240 4.40 4.50
10/11/1994 3.00 0.860 5.940 168 14.7
T. VEGAS VILARRU´BIA AND V. RULL74
a relative sea level rise of about 13.2 cm/
100 year has been the most important natu-
ral disturbance suffered by the mangrove
community. Tens of square kilometers of
land and coasts have been inundated and
terrestrial vegetation has been replaced
with marine ecosystems. On the other
hand, the inundations have also isolated
small bays like Playa Medina, thus frag-
menting some mangrove communities.
According to Van der Hammen (1988),
during the early Holocene the rise of sea
level produced in the nearby coasts of
Guyana the replacement of savanna by
mangrove vegetation, and Avicennia was
the first mangrove-forming tree to become
established. Rull et al. (1999) document the
substitution of Avicennia by Rhizophora, fol-
lowed by the complete disappearence of
Avicennia and the appearance of Conocarpus
erectus in Playa Medina. The total disap-
pearance of Avicennia sp. remains unex-
plained and may be the consequence of a
combination of natural and anthropic fac-
tors. According to Ellison and Stoddart
(1991), Caribbean mangroves survive sea
level rise rate of 8-9 cm/100 y but cannot
persist with rates over 12.0 cm/100 y be-
cause those rates cause an unsuitable bal-
ance between sedimentation, sea level rise,
and coastal erosion. The average sea level
rise at Playa Medina (13.2 cm/100 years)
exceeds the critical value. According to Sa-
noja (1992), the mangroves of Paria have
been used by humans for over 5000 thou-
sand years. The arrival of European colo-
nizers and the subsequent cultural change
has increased disturbance in mangroves
through clearings and the expansion of cul-
tivated plants (mainly coconut, coffee and
cocoa) with their accompanying herba-
ceous weeds.
From the Holocene to the present, the
Playa Medina mangrove has changed its
former coastal shoreline position, lying
today about 500 m inland and in a higher
topographic position. The modern mangrove
is an intermediate, smaller community,
supporting halophytic and non-halophytic
terrestrial and aquatic vegetation. Swampy
conditions and moderate salinity of soils
and water prevail. Current conditions al-
low terrestrial plants to grow at the periph-
ery of the mangrove community while
typical mangrove species and aquatic or
semi-aquatic plants occupy more inland
terrains. In the more elevated parts of the
basin, mangrove trees are apparently being
gradually displaced by semi-aquatic and
terrestrial vegetation.
The mangrove lagoon also showed ap-
preciable effects of the hydrological isola-
tion, namely a gradual shift to freshwater
conditions and nutrient overloading lead-
ing to high levels of eutrophy. Since the
natural hydrological connections of man-
grove to the sea are interrupted, the only
input of salt water comes through brackish
groundwater and through leaching of mod-
erate saline soils. On the other hand, ab-
sence of tidal flushing promotes accumula-
tion of organic matter within the lagoon,
thus favoring overloading and highly eu-
trophic conditions.
The Playa Medina mangrove community
should disappear during the coming de-
cades if isolation and human disturbance
persist.
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